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INTRODUC TION

Ge皿eral

Moosehom is one ofmore than 500 Refuges in血e National Wildi罵Refuge System

OOWRS) administered by血e U.S. Fish and Wildlife Service (FWS)∴me NWRS is a network of

lands and waters managed spec臆cally for the protection ofwildlife and wi皿ife hal)itat and

represents the most comprehensive wildlife management program in the world, Units of血e

SyStem StretCh across血e Urited States缶om northem Alaska to也e FIorida Keys and include

Small islands in the Cahbbean and Sou血Pacific. The character ofthe Refuges is as diverse as

the nation itself Moosehom National Wildlife Refuge (MNWR) was established in 1937 as a

refuge and breeding ground for mlgratOry birds and other wildli缶It is the宜rst in a chain of

mlgratOry bird refuges也at extends宜om Maine to FIohda. The Refuge consists oftwo urrits.

The Bahng Unit covers 16’080 acres and is Iocated offU-S・ Route l southwest ofCalais, Maine.

The 6’665-aCre Edmunds U血borders血e五dal waters of Cobscook Bay near Demysville,

Maine (Figure l).

Objectives

l)・ To identify ozone-SenSi五ve plant species in the Moosehom NWR

2)‘ To evaluate the incidence and seveI車y Of ozone i車ury on vegetation in the Moosehom NWR

Justi正cation

Approximately 4,680 acres ofthe Baring U正t and 2,780 acres of也e Edmunds Unit were

Set aSide by Congress as Wildemess AreasプCalled the Mooseho皿W工ldemess.血1978,

Moosehom Wildemess was designated a Class I air quality area, reCeiving見Lrther protection

under也e Clean Air Act・ Congress gave FWS and the other Federa1 1and managers for Class I

areas an ’’… a触mative responsibility to protect a11血ose alr quality related values (including

visibildy) of such lands. ・ ・一’Air quality related values include vegetation, wildlife, Water, SOils,

Visibility, and cultural resources・ Despite this special protection, many Ofthe resources in也ese

wildemess areas are being lmPaCted or ha.ve血e potential to be impacted by alr POllutauts.

Because many aⅡ PO11uぬnts can be carried long distances in也e a血OSPhere, eVen rⅢal and

remote areas are a節減ted by air pollution, including many wildemess areas. To better

understand how air po11ution a節ects resources at the Moosehom NWR, SurveyS Were COnducted

in 1998 and 1999 to eva]uate ozone l勘ury tO Vegetation wi亜n也e refuge.
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Diagnosis of Air Pollution血j皿ry on Plants

Although many gaseous ar pollutants are emitted into the atmosphere, O血y certain ones

are phytotoxic and capable of i車umg plants and inducing symptoms readily apparent during

宜eld surveys. The most i皿portant of也ese gaseous, Phytotox王c air po11utants are ozone, Sulfur

dioxide, and fluorides. These pollutants are taken血o the pla血leaf; along wi血the nomal

const血ents of也e air, through the stomata, Once inside the leai the pollutant or its breckdown

products react w地cellular componentsプmai血y cellular membranes, Causmg l刊ury Or dea血of

血ssues.

The resulting macroscopIC SymPtOmS, Which are visible on也e leaf surface, are Classi五ed

as chronic or acute depending upon the sevehty of i車ury ChroIlic symptoms imply tissue

l刊ury, Whereas acute lngury Slgni宜es tissue death. C血onic symptoms on foliage usually result

from exposure ofa plant to Iow levels ofpollution for a long t皿e’Or OCCur When a plant is

so皿ewhat resistant to a pol山aut. Visible ozone lPJury lS uSually considered to be chronic

l巧ury. Acute l均ury is observed folloⅥng a ShorLtem串gh concentration of po11ution, Or

occurs when a plant is in a very seusitive condition・ Sulfur dioxide i車ury as observed in血e

宜eld is often acute. Fluohde iIjury may be ei也er.

Macroscopic leaf iIjury caused by alr POllutauts often represents an血e皿ediate step

between initial physioIogical events and decreases in prodrctivity. Decreases in productivity

(Pye 1988) may result in ecological changes, SuCh as reduced diversity (Rosenberg et al. 1979)・

Visible leaf sympioms induced by phytotoxic pollutants serve as important di喝nostic tooIs that

allow observers to identify speci五c air pollutants as causal agents of vegetation damage (Davis

1984; Skelly et al● 1987). This血owledge can be used in the air po11ution emissions pemlit血g

process for s血g new industries (i・ e. Prevention of Sign臆caIlt Deteriora鳥on Program),

assessment of血e secondary air quality standards, asSeSSing the presence of a正poll血on iIjury

in Class I areas, and in litigation invoIving alr POllution l叩ury・

Although ozone was the air po11utant of concem in址s survey’it should be recognized that

phytotoxic levels of sulfur dioxide狐d fluohdes can occur near industhal sourcesプand也us are

briefty discussed herein. Likewise, heavy metals (w血ch are not discussed in址s report) may be

found in excessive levels in vegetation growmg m areaS downwind from industrial or urban

sources (Davis et al. 1984). Tox王c heavy metals such as mercury may be of importance in areas

being managed for wildlife such as a NWR. However’the presence of excessive heavy metals is
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detemined w血Iねoratory analysis of foliage’nOt W地surveys dea血g w血macroscopic foliar

l刊ury. AIso, enVirormental biohazards such as dioxins and furans may be found downwind of

POlluted areas. Al血ough such compounds are ofmore interest in maIrmalian and avian toxicdy

as compared to phytotoxic垂′, Vegetation may absoわor adsorb such contaminarits and become

Part Of血e contaminated food chain. Laboratory analysis ofvegetation for dioxins or furaus may

Serve aS Part Ofa biomonitomg e舐)rt tO detemrine the levels of血ese biohazards in a glVen area.

Ozone

Ozone is probably the most importaut and widespread phytotoxic air po11utaI]血i血e United

Stafes, and is the air po皿tant most likely to have an easily recognizal)le impact on vegetation

within a NWR Backgromd levels of ozone exist naturally in也e lower atmosphere, POSSibly

Origina正ng宜om vertical downdra蝕of ozone from the stratosphere or宜om lightning, but more

likely from chemical reactions ofnaturally o∞urmg COmPOmds. However, the m劉Or SOurCeS

Of precursors leading to phytotoxic levels of ozone occur within urban areas. In也ose areas,

hydroca血ous and oxides of ni廿Ogen are emitted into the a士mosphere宜om various sources, the

most important being antomobile exhaust・ These co皿pounds undergo photochemical reac五ons

in血e presence of su亜ght fommg photochemical smog, Ofwhich ozone is a mapor compone血.

Smog’OZOneブOr its precursors may廿avel downwind for hundreds of miles during long-range

trauspc喧depending upon wind direction and movement of weather宜onts. Thus, the ozone (or

its pr∞urSOrS) inpinging on refuges may originate in urban areas many miles宜om也e refuge.

Concentratious of ozone are o宜en greater in rural areas downwind from正ban areas, as

COmPared to within the uわan area itself drle tO血e presence of rcactive pollutants in也e uめan

air w血ch scavenge the ozone.

There are certain bioindicator plants血at are very seusitive to ozone (Anderson et al. 1989,

Davis and Coppolino 1976, Davis and Skelly 1992, Davis et aL 1981, Davis and Wilhour 1976,

and Jensen and Dochinger 1989). The principal investigator in址s surⅤey routinely uses血e

following broad-1eaved bioindicator species for evaluating ozone ipjury: black cherry Qh皿uS

SerOtina), COmOn elder (Sambucus canadensis), COmmOn milkweed色sclep工as撃垂塑), graPe

(抵spp),融e ash伍raxinus amed函, and yellow-POPlar (Lihodendron tulipifera). The

investigator also uses, but less commonly, Virginia creeper (Parthenocissus quinquefolia) and

Vibumun spp. Many ofthese ozone-SenS誼ve species occur in our refuges in easte皿U正ted

States.

8



9

On broadleaved bioindicators, OZOne-induced symptoms usually appear as sma11, 1 to 2 mm

diameter一一stipples'一ofpigmeIlt∈姐, black or reddish-PurPle tissue on the adaxial surface of mature

leaves (see Ske11y et al. 1987). The pigmented tissue is usually resthcted by the vei血ets・

Immat町e leaves seldom e血ibit symptoms, Whereas premafure defoliation of ma血re leaves may

occur on sensitive species. To血e cas脚l observer,血ese symptoms are similar to those induced

by o也er s廿esses (e.g., m血ent de宜ciency, fa11 coIoration, iusects, and certain diseases)・

However, the pigmented, adaxial stipple on plants ofknown sensitivity (i・eつblack cherry or

grape) is a reliable diagnostic symptom of ozone injury

On eastem conifers担e most reliable symptom (curent-year needles o血y) induced by

ozone is a chlorotic mottle, Which consists of small patches of chlorotic tissue interspersed

within the green, heal也y needle tissue. The mo劇e usually has a “soft edge” (as opposed to a

sha呼ly de宜ned edge) to the individual mo咄ed areas. An ex廿emely sensitive plant may ex血bit

needle tip brownmg・ However,亜s symptom is co皿mon to many stresses and not a relial)le

diagnostic symptom・ Conifer needles older than current-year needles are not useful as monitors,

since over-wintemg m坤′ PrOduce symptoms similar to that caused by ozone. Ozone l刊ury tO

monocots, Such as grasses (i.e., Spartina sp・), is very di触cult to diagnose in the field, aS there are

many causal agents that can resu虹n ti車un and c址orotic mo劇e on grasses. August and early

September are也e best times to survey for ozone-induced iIjury in也e Northeast (Davis and

Skelly 1992)・
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Description of Re珊ge

The Mooseho皿Refuge is a hig軸y glaciated expanse ofro11ing hills, 1arge ledge

OutCrOPS, S廿eams, 1akes, bogs, and marshes. The Edrn皿ds Unit has several miles ofrocky

Shore血e where 24-foot tidal fluctuations are a daily occurrence. Approximately 2,780 acres of

也e Edmunds U正t and 4,680 acres of血e Baring Unit were set aside as Wildemess Areas by

Congress. As part ofthe National Wildemess Preservation System也ese areas are granted

SPeCial protection that will i腿ure血e preservation of血eir wildemess characteristics.

Vegetation

The area is hch with血story from血e logging boom days. In也e 1800’s horses hauled

millions of cords ofwood to也e shores ofthe St・ Croix R王ver where spmg floods carried也e

logs to Calais mills. Logs were s虹pped缶om Calais to world markets by schooner and

SteamShip. However, in也e early 1900’s,血e forest industry began to mechanize and也e world

market for ti皿ber declined. The numerous fams that once were necessary to feed man and beast

Were abandoned and也e forest gradua11y reclaimed也e famland・ A diverse forest of aspen,

皿aple, birch, SPmCe, and宜r cuⅡently dominates the landscape and sc甜ered stands of m劉eS古c

White pme are COmmOn・

The refuge is Iocated in teHain that consists of rolling皿1s with large rock outcrops and

scattered boulders, The dominant vegetation in the vici血y ofboth Units is uneven-aged,

SeCOnd-grOW比no皿em conifer-hardwood forest, With some areas in pure spruce-宜r. Much of

the area was logged and cleared in the 1800s and eady 1900s, and several血es have buned over

large portious of血e area, the last in 1933・ Nunerous stream va11eys’beaver flowages,

ericaceous bogs, marShes, and foresUshr心置dominated wetlands occur throughout the area. The

deciduous component ofthe forest includes mixed stands of quaking and bigtooth aspen

(Populus廿emuloides,王朝), PaPer and gray birch (迦出papyhfera,星・ POPulifelia),

red maple (仝皇堕里出世塑), American beech (塾g挫蟹andifolia), and black cherry (堂迎逃

SerOtina).

Common understory SPeCies include winterberry (Gau皿eria procumbeus), bracken fem

(脚m aquili叩m), Sedges (皇a±鐘SPP.), and bunchberry (皇Q型蛙Q±準エadensis)・ Mixed

hardwood-COnifer stands occur in many areas, With血e genera11y more shade-tOlerant conifers

gradually replacing也e earlier successional hardwoods’The coniferous component is dominated

10
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by mixed and pure stands of spruce (望塑造SPP・) and balsam fir G±珪壁ba工samea). Scattered old-

grow血white pine C±垂蛭重出2Iゆare an indication of也e ohginal climax forest血at was present

before血e lⅢhbering and血es of也e last ce血Iry・ P皿e Stands ofalder (A由岐里塩酸) are

al’unda血in reve血g famland and wet areas along也e margms of streams and beaver flowages.

Several blueberry (Vacciniu皿spp・)宜elds, meadows, and pastures are maintained as pemanent

forest openings. In 1 976, a long-tem management Plan was implemented on血e refuge to

increase the diversity Of forest habitat by altering age and species composition,血Iizing spec拍c

timing of ou批Ig.

Wetlands present in也e area include beaver ponds and meadows, marSh, Shrub, and

forested wetlands ofvarious types, and open-Water in血e fom of streams, POnds and lakes.

Beaver meadows in the area are dominated by blueioint grass (Calamagrostis canadensis) and

Sedges, wi也wetter sections and pond宜inges suppo血g marsh plants such as mshes (血塑壁

SPP.), Ca請ail馳1atifolia) bulrushes (墨壷三匹壁SPP・), and o血er non-PerSistent emergents and

aquatic species. Alder and willow (S皇塵spp.) are common wetland shrubs, and leatherleaf

(Chamaedaphne calyculata), SWeet gale G畦y垂g塾s), and sphagnun moss (Sphagnum spp.) are

dominant bog specleS. Forested wetlands are dominated by stmted spruce, SOme W址te cedar

C±曲occidentalis), red maple, SPhagnun, CiIII陶mOn fem (Osmunda cimamomea), and some

larch G±延圭茎1aricina).

The m勾ority of血e Cobscook Bay area is in second growth spmce-fir-Pine forest, mixed

With so皿e maple, bireb, and aspen. There is also some open land, and previously-OPen land in

regrowth stages. The waters a句Oining血e bay are tidal with fluctuatious ofup to 24 fect,

Creat皿g eXteusive areas of intertidal mudflats in several coves. The tidal range and southem

exposures create importaut ice-宜ee and protected wintering habitat conditious for waterfowl and

bald eagles. Many large, Old-grOWth pines are present on uplands a句acent to the shoreline,

PrOViding nesting and roos血g trees for engles and o血er raptors.

A listing ofMooseho皿NWR vegetation, aS SuPPlied by refuge persomel, is given in也e

Appendix.

聞
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Wildlife

Mooschom Refuge is u血que among也e country’s National Wildlife Refuges. Here也e

American woodcock is intensely studied and managed. This reclusive bird dwells in也e alder

COVer by day and refuge cleamgs at night. Unfortunately,也e Easte皿Flyw坤γ WOOdcock

POpulation has declined steadily over the past塙γO decades. Research and management programs

at Moosehom have provided valuわle infomation血at is being used to stem this dec血e.

The endangered bald eagle宜equents both units ofthe refuge. In receut years as many as

three palrS Of eagles have nested at Moosehom Eagles are宜equently sig址ed in the area around

the Magurrewock Marshes near Route l on也e Baring Unit and around the tidal waters of

Demys Bay on the Edmunds Unit.

The woodlands ofMooschom also abounds with many other speeies. Black bears are /

abundant and can o宜en be seen along refuge roads in血e spnng, in the bluebeny宜elds in

August, and foraging for apples in the fall・ White寸ailed deer and an o∞aSional moose feed in

the many cleanngs sca鵬red throughout也e refuge. In mid-May a flush ofmig丁ating warbles

創1s血e woodlands wi也song.

The refuge also serves as an important breeding area and migration stop for a variety of

WateIfowl and other wate血irds. Black ducks, WOOd ducks, ring-neCked ducks, Canada geese,

and loons can be seen on the over 50 1akes, marShes, and flowages scattered throughout血e

refuge.血mid-May血e Magurrewock Marsh, Which borders U. S. Route l on the Baring Unit,

abomds with goose and duck broods. Bald eagle sig址ings also are a common occurrence.

Ospreys nest in several ofthe refuge marshes and血e ardent observer can often宜nd river o廿ers

宜olicking among the cattails. Moosehom plays an important role in protect皿g the丘agile and

diminis址ng wetland resources of the Atlantic Flyway.

12
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Management

Woodcock’m飾ed grouse, mOOSe, deer’and a variety of songbirds will only血rive in a

young forest. In血e past, wildfires periodica11y r句uvenated the forest. However, wildfire is a

rare event today. Forest management programs on the refuge serve to take the place of fire.

Small clearcuts scattered血oughout血e forest provide opemgs and young brushy growth that

Serve aS food and cover for many wildlife species. This management has resulted in dramatic

increases in many species including woodcock, grOuSe, bear,狐d moose. Timber harvestmg also

ProVides Iocal empIoyment and a percentage of recelPtS from sales is retumed to Iocal

COrrmunl血e s.

Wetlands management on the refuge has greatly increased waterfowl numbers. Water

COntrOI struct町eS On the refuge’s marshes and ponds allow managers to maintain stal)le water

levels during血e breeding season. Water level control also inproves血e growih ofplants血at

PrOVide food and cover and allows the marshes to be emptied periodica11y for r句uvenation. The

Creation of chamels, POtholes, and islands, as Well as shoreline improvement, has also increased

WaterfowI production and encouraged nestmg.

13
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METHODS

Genera量Survey Areas

工t had been predetemined血at survey sites had to occur in open-areaS (such as血ose

OCCurring along roads or廿ails, Or in fields) where ozone-SenSitive pla血species were found in

Su亜g址and exposed to uⅢeStricted air movement (Anderson et aL 1 9 89; USDA Forest Service,

1990)・ Immediately prior to也e August 1998 survey,也e irIVeStigator met w血refuge persomel.

During血is time, maPS Were Viewed and discussed which greatly aided and in血uenced the

Prelimmary selection of survey areas・ Based on these initial discussions, teuta血ve survey areas

Were Selected血roughout也e refuge during 1 998. Each area was visited, and its suitabildy

determined. These general areas, With modification, Were uSed in 1 999.

Pre量iminary Selection of Bioindicator Speeies

An extensive list of refuge flora was fumished to血e investigator by the U.S. Fish and

Wildlife Service (Appendix)・ Prior to the 1 998 survey, an in誼al selection ofpotential

bioindicators that might exhibit ozone injury in血e survey area had been selected from址s list,

as well as by talking to refuge persomel・ Plant speCies or genera on血e list that were teutatively

Selected as bioindicators included: ash quxinus sp.), aster G笠座SP.), black cherry (PI迎逃

SerO血a), blackberry蛙sp.), Choke cherry @里塑埋Virginiana), COmmOn milkweed

(Asclepias垣逆進), elderbeny (Sambucus canadensis), mOⅢ血in ash &塑逃anericanめ, Pin

Cherry (辿塑逃PenSylvanica) poison-ivy (塁吐塑radicaus = Toxicodendron r逆Hcans),

Serviccberry (Amelanchier ds), SunaC (B±唖SP.), trembling aspen (Populus trenuloides) and

vibunun (Vibumun sp.).

Of couェse, many Of也e species listed grow in sca龍ered loca舶es through the NWR, and

may not be present at designated survey areas; they may only be fomd with the help oflocal

botanists. AIso言t should be poi血ed out that most plant species growmg in the more wet areas of

血e I’efuge have not been studied with regard to ozone-induced macroscopIC SymPtOmS. That is,

也e ozone-SenSitivity of wetland species, as detemined by controlled exposures of ozone, is

generally unknown.

14
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Air Quality

Ozone monitoring data are useful to co皿plemeut也e visual i亘uury sureys. In general,

more ozone-induced stipple is likely to occur in years with greater ozone concentrations.

However, mOre COnSistent and long葛te皿mOnitohng datasets are needed to further understand

the relationship between foliar symptoms, ambient ozone, and envirorme血al conditions (e.g.

droughts) in our parks and refuges.

An ozone monitoring site was operating wi址n the Moosehom NWR Q3PA AIRS site

#23-029-0019)宜om 1989 un出it closed down in October 1995. The nearest ozone monitor with

the most complete datasets is in Acadia National Park at Cadi11ac Mountain (EPA ARS site #23-

009-0 1 02), 1ocated approxinately 70 miles southwest of血e Mooseho皿NWR. The investigator

has utihzed the EPA ozone database from Cadi11ac Mountain since 1 998.

Ambient ozone levels are expressed as C‘cunSUM60”,血e cumulative sun of a11 hourly

OZOne COnCentra正ons equaling or exceeding 60 ppb. In other stndies, We have found that批s

OZOne Statistic correlates fairly well with plaIlt danage. During the most recent 4 years (1 996-

1999) ofmo正toring at Cadillac Mountain, OZOne levels were greatest in 1998 and less in 1996,

1997, and 1999 (Figure 2). Ozone levels in 1996, 1997, and 1999 were similar and considered to

be at barely phytotox王c levels (approximately 20,000 ppb一正s) by August l. By September l担e

levels (approximately 28,000 ppb-血s) were de宜nitely phytotoxic. During the last 3 years, the

maximun cunSUM60 values pecked at approximately 45,000 ppb-hrs, Which occurred in 1998.

This is ce正ainly a phytotox土c level ofozone. For comparison to a refuge with extreme ozone

COnCentrations, the ozone levels at也e Edwin B. Forsythe NWR near Bhgantine, New Jersey,

reached about 80,000 ppb-血s in 1991 (a very血gh ozone year), and are routinely greater than

40,000 ppb置hrs by the summer’s end. During 1999, the Mingo NWR In Missouh) ozone levels

likewise reached 80,000 ppb-hrs by Fa11.

Assun血g血at the ozone levels monitored at Cadi11ac Mountain (70 miles away) are

Similar to those occumng at the Moosehom NWR, OZone l印ury is likely to occur on sensitive

SPeCies ofvegetation within血e refuge. However, tO my knowledge,血ere have been no

recorded surveys phor to 1998 to docunent whether or not ozone l刊ury has occuHed on refuge

Vegetation.

●

●



Figure 2. Cumulative sun of all hourly ozone concehtrations equaling or exceeding 60 ppb

(CumSUM60) mo血ored at Acadia National Park, Cadillac Mouutain, Maine (EPA AIRS Site #

23-009-0102) duhng 1996-1999; ur正s are ppb-hrs. T血s monitohng site is located

approximately 70 miles southwest of血e Mooseho皿refuge.

●
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Surveys Dates and Areas

The Moosehom National Wildlife Refuge was surveyed on J山y 22-25 in 1999◆ During

1998’it had been surveyed twice, On皿y 29-August 2 and August 25-28. The earlier date was

Chosen in 1 999 because ofthe widespread drought that occurred in the East duhng late suImer.

The investlgatOr felt也at a survey conducted later in血e sunmer of 1999 would be gI.eatly

COnfounded by a severe drought・ CBased on these experiences,血e best time to survey触s refuge

in也e餌lne is probably late-August).

As described earlier’血e tentative location of survey areas was based on discussions with

refuge persomel and examination ofmaps at血e refuge headquarters pnor to the first 1 998

Survey. These areas were then visited on-Site du血g the 1998 and 1999 surveys, and

mod描cations made' Approximately 16 sites were deemed suitわle for ozone lngury SurveyS,

based on opemess, acceSSibility, and presence ofbioindica士ors (Figure l). A11 16 sites were

Visited in 1999, but data was not necessarily taken at all sites・ In addition to these 16 spec臆c

areasプVegetation was observed as the irvestlgator廿aveled from site to site during both 1998 and

1999.

Severity Rating

Each broadleaved plant evaluated for ambient ozone lPJury had to have foliage within

reach;血at isブ廿ees were not climbed nor were pole-PmerS uSed・ The ForestHeal也Expert

System had been used to train血e investlgatOr in estimating the amount of stipple on a leaf For

broadleaved tree specleS, the percentage of ozone l均ury Was eStimated on the oldest leaf on each

Offour branches, and血e average value recorded・ Then,血e next oldest leafwas evaluated, and

SO On, until the宜ve oldest leaves had been rated・ For each herbaceous plant, eaCh ofthe宜ve (if

preSent) oldest (basal) leaves ofthe plant was examined and the average percent stipple recorded.

Each of血e oldest五ve leaves on血e cuⅡent woody grow瓜(canes) ofvines was rated and the

average perceut stipple recorded. On alユspecies, O血y adaxia1 1eaf surfaces were evaluated.

Symptom sevehty on血e adaxial surface of each leaf evaluated was est血ated by assigning

Severity classes, based on血e perceutage ofsurface i亘uured, OfO, 5, 10, 20, 40, 60, 80, 90, 95 and

lOO %・ Photographs (Slides) were taken. One slide set will remain with血e investigator, and one

Set Will be sent to the FWS Air Quality Branch in Denver.
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RESULTS AND DISCUSSION

Final Selection of Bioindicator Species

A more complete selection ofbioindicator apecies or genera (plants regarded as being

Seusitive to ozone) was made on-Site c山nng血e two visits of 1998. During the丘rst 1998 visit to

the refuge, it was immediately noted血at spreading dogbane (坐錐yn迎androsaemifolium) was

exhibiting adaxial stipple, tyPical of也at caused by ozone, at SeVeral sites. Therefore, dogbane

Was added to the bioindicator list, Which then ∞usisted of ash (mainly w抽e ash), black cherry,

blackberry’choke cherry, Pin cherry, Serviceberry’and tremb血g aspen as bioindicator specleS・

These were among也e most common ofthe ozone-Seusitive species in也e refuge, and usunlly

OCCurred in open areas. Not all speeies/genera listed were preseut at a11 sites・ During the 1998

and 1999 on-Site surveys,址s list was amended to also include sand cheIry (呈出哩S理由k),

raspbe巧′睡蓮塗逃), and sarsapari11a (坐出血nudicanlis). The latter two species, along with

blackberry, Were Selected as indicators for sulfur dioxide i車ury. However, Since there was no

POiI正source of SO2 readily evident, emPhasis was placed on the ozone-SenSitive bioindicators.

Most plaut species in血e we廿ands of血e Moosehom refuge have not been carefu11y

S巾died w地regard to ozone-induced macroscopic symptoms. That is,血e ozone-SenS誼vity of

Wetland plar血as detemined by con廿Olled exposures of ozone lS genera11y unknovAl, and it is

u皿Wise to at正bute ozone as也e cause ofvarious foliar discoIoration on untested species.

However, it was deemed important to evaluate even unknown specleS, because of也eir possible

impo轟ance in the wetlands ecosystem, for the presence or absence of ozone-induced dark adaxial

Stipple・血亜s regard’Stipple was not observed in 1998-1999 on any血own or unknown species

Of wetland pla址s in也e Moosehom refuge・ Assuming也at ozone-SenS誼ve wetland plants exist

in血e refuge, this lack of symptoms may have been related to the low levels of ozone in 1998, Or

to the dry conditions血at existed in the refuge during 1999. During dry conditious, StOmatal

CIosure ocours, limi血ng ozone uptake and subsequent ozone即ury. Of course, Since the

investlgatOr WaS COnCentratmg On血e well-known, uPland indicators, he may have overlooked

any stlPPle on the foliage ofplants grovAng in血e wetter areas.
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Foliar Sy血pto血s

Bar血g Unit

Site Bl qlefuge Headquarters). Ozone-induced ipjuny was observed during也e 1999

Visit (July 22-25) only at sifes Bl and B8 (one planD within也e Baring U址t (Tatle l). During

也e August 1998 survey, OZOne lPJuIy had been noted at sites Bl, B2, and B5 within this u血正At

Site B l’Vegetation was examined in血e large, OPen丘elds along也e entrance road leading to血e

refuge headquarters (Figure lエocation B l)・ There were several bioindicatorくくspecies” present

in也ese large opermgs at site Bl;址s is cousidered to be an excellent survey site.

Ozone iIjury was lig址in bo也incidence and very hg出仕ace) in seve車y on spreading

dogbane pla血(in flower), Where i車Ⅲy WaS PreSe血On 9 of l 13 (8.0%) plaIits examined (Table

l)・ As in 1998,也e ozone iqjury on dogbane was res宙cted to older paired leaves on血e primary

StemS, and did not occur on也e pairs ofleaves fu亜er out也e secondary shoots. (Secondary

shoots arose宜om也e axf高fthese pairs ofprimary ste皿1eaves). The seve車y ofipjury on也e

two sympto皿atic leaves was judged to be very 1ig址, uSua11y invoIving less than 5% of leaf area,

and was less severe也an in Au卯st 1998.

Near也e upper edge of one丘eld, brush and grass had been mowed, and very succ山ent

aspen shoots had sprouted. It is my expehence that fast-grOWmg, SuCCulent shoots often show

more foliar ozone l印ury, as comPared to血e leaves on larger trees or on sIower growmg

Seedlings or shoots. Ozone ipjury was present on 6 of58 (10.3%) ofthe aspen in址s area;

1勘ury WaS reSthcted to the fasLgrowmg sprouts, and did not occur on the mat町e廿ees or

SaPlings. The severfty ofthe i亘ury on也e six plants was judged to be very lig址(Table 2).

Ozone即ury on aspen did not occur at亜s site in 1998.

Table 2. Severity Of ozone-induced i車ury on leaves of symptomatic leaves of aspen at Site B l.

Leaf Nunber

cies Plant No.　　　1*　　　　　　2　　　　　　3　　　　　　4　　　　　　5

Aspen 1　　　　　　5　　　　　　10　　　　　10　　　　　　5

2　　　　　　1 0　　　　　　20　　　　　　20　　　　　　5

3　　　　　　10

4　　　　　　5

う　　　　　　10

6　　　　　　10

20　　　　　　20　　　　　　う

10　　　　　10　　　　　　う

10　　　　　　う　　　　　　　0

5　　　　　　10　　　　　　0

*Oldest leaf of the 5 leaves evaluated.

**Severity values = 0, 5, 10, 20, 40, 60, 80, 90, 95, and lOO% of leaftissue iIjured.



導
の
.
い
N

∞
〇
二
∞
録

球
∞
へ
劇
つ
で

吾
e
↑
∞
へ
ぎ
七

回
国

○
叫
へ
○

蓉
う
占
∴
∴
漂
う
○
　
漂
?
○

○
寒
、
〇
　
　
〇
一
へ
○
∴
∴
∴
○
寸
へ
○

圏
四
国

○
戴
き

圏
四
囲

の
寸
二

球
〇
.
い

り
の
一
、
寸

○
寸
へ
○

〇
十
へ
○
　
　
○
細
へ
○

ぶ
細
雪
館
∴
一
馬
七

d
癖
賞
品
　
u
〕
∑

望
『
∴
∴
上
S
<

○
書
流
¥
〇
一
亀
倉

∞
、
○

8
種
、
○

O
巾
へ
〇
　
　
〇
年
○

○
寸
へ
○
　
　
　
○
N
、
○

・
d
鷲
鐘
　
-
き
ち
」
e
S

・
p
$
」
d
∽
∴
∴
圭
で
壬
○

辛
夷
〇
日
∴
蓋
嵩
。
鑓

.
s
号
S
①
」
∞
盆
ご
S
つ
掌
で
圭
l
〆
r
①
p
廊
童
S
七
〇
S
七
色
毒
○
○

.
s
①
∞
虫
U
8
」
邑
s
ゐ
p
①
S
S
豊
d
馨
p
烏
.
S
①
蔦
d
s
〕
‡
二
台
p
①
〕
皿
一
幸
の

瞥
雪
雲
d
J
O
J
ぷ
自
害
百
〇
〕
①
舌
○
〕
p
○
○
各
自
8
篭
ご
つ
官
p
8
ひ
p
u
†
①
u
O
Z
O
皇
室
望
昌
一
d
」
O
」
巻
舌
皿
〇
二
霊
J
〇
一
毒
U
可
S
I
B
昌
つ
Z

.
①
∽
己
①
出
藍
一
三
き
一
室
〇
号
之
百
〇
忘
S
8
三
〇
吉
富
館
ネ
こ
う
S
$
曾
①
舌
的
調
号
P
①
p
壁
呂
∽
U
O
黒
、
岳
S
q
O
J
O
ト
ビ
昌
重
コ
S
」
〇
一
q
宰



21

Ozone l叩ry Was nOt Observed on black che亘y, blackberry, Choke cherry, Pin cheny, Or

Serviceberry・ AIthough choke cherry was evaluated担e irIVeS血gator considers亜s species to be

tolerant to a血bieut levels of ozone and i亡may not be eval脚fod in the fu血e・ There was a slight

reddeningブW址ch may or may not have been related to ozone刊ury, On blackberry・ Lea癖pots

Were commOn On dogbane and servicebeny. Choke cherry sprouts had ver)′ SeVere POWdery

mildew infections. Black cheⅡy had black knot galls on the branches and spindle galls on the

leaves. T血s Iow level of ozone-induced sympto皿s, at址s and other sites, Was attributed to the

low levels of ambieut ozone (Figure 2) present in址s area phor to this 1999 survey, as Well as

being influenced by也e dry weather也at preceded the survey.

Sites B2-Bll (See Table l)・ At site B2 (westem end ofSouth Trail) 2 of40 (5,0%) of

the ash seedlings and saplings examined showed classic ozone車yⅢy. At site B3 (Cra血eny

Lake血1et) none ofthe 20 ash nor the 20 aspen had ozone i車ury. Plauts at site B4 (Crahoerry

Brook) likewise showed a lack ofozone injury At site B5 uranson Soil Pit Road), many Ofthe

aspen sprouts were severely s廿essed by a severe funga1 1eaf and shoot blight, likely caused by

the fungus Venturia・ Plarits were not evaluated because of亜s confounding factor・ Few good

indicator plants were found at sites B6 (Bam Meadows #2) and B7 (Powerline at the intersection

OfRoute l and Charlotte Road);血ese two sites may be eliminated. Site B8 (West Branch

Observation Deck) is also marginal site in tems ofuse餌ness, but is better than B6 and B7;

OZOne i車ury was not observed at sife B8・ Site B9 (Road to old Air Monitoring Station) was

expanded in 1999 to include Voss Pond・ This is now an exce11eut site. However, OZOne l刊ury

WaS nOt PreSeut’and Ve血ria shoot blight was present in moderate amounts on aspen.

Sites B6, B7, BlO (Higgins Road) and Bl l (Bearce Flowage) are considered to be

marginal survey sites. Sites B6, B7, and BlO were not used in 1998 because few bioindicators

Were PreSent; however, a11 four sites will be maintained and revisited briefly in future years, aS

也ey are very OPen areas. The area around血e Bearce Boat Launch will be investlgated more

thorougbly in也e餌ure, as it was noted that ash廿ees were preseut in the general area.
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Edmunds Unit

Site El. Vegetation was exa血ned in 1999 in and around也e edges ofthe fam宜elds

near the Nate Smith Marsh‘ As in 1998,也ere were several bioindicators present in these large

fields. Overall, OZOne l印uIy On OZOne-SenSitive plants was extremely lig庇in both incidence and

SeVerity, OCourring o血y on one spreading dogbane plant of30 (3.3%) plants examined (Table l).

The seveh匂′ On OZOne i車ury on this one plaut was very light, a節ecting about 5% 1eaf area on

SymPtOmatic leaves. Again, OZOne l巧ury On dogbane was restricted to也e paired leaves on the

StemS, and did not occu工on the other leaves・坤ury was not observed on blackberry, Pin cheny,

Sand cheny, Serviceberry, Or廿embling aspen. Black knot disease was very severe on望塑逃at

th上s loc祉ion.

Site E2. Ozone即ury was not observed on black cheny or pin cheⅡy Plants along the

boat launch in Cobscook State Park (Table l). RaspbeⅡy Plar血had healthy leaves at址s site.

Nunerous indicator plants were noted at血e nearby boat lamch. This site was desigrated as

SiteE2a. There was no ozone i亘uury on any bioindicators examined (Tわle l). Birch trees had

SeVere leaf miner i車ury. Mountain ash廿ees had severe lea血opperrtype i車ury, Which

COnfounded ozone l刊ury evaluations on址s species. Here and elsewhere in也e area, there was

no SO2 ipjury on birch, rasPberry, blackberry, nOr SarSaPah11a,

国書
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Site E3. Bioindicators were examined in and aromd the edge of址s very large field

within the Cobscook State Park’near也e edge ofW肺ng Bay. Ozone lIUury WaS nOted on 5 of

26 (19.2%) ofthe black cheny and 3 of 13 (23.1%) ofthe pin cherry plants examined.

Raspbeny plants had hea帖ry leaves.

Site E4. Vegeta血on was examined in址s very large五eld near the sou血end of

Cobscook State Park There was a large clump ofpin cherry sap工ings in the field・ These plants

Were POSSibly缶om the same seed source, Or SPrOutS, Since血ey were growmg close together. In

1998 19 of40 (47.5%) pin cherhes in址s clunp examined exhibited ozone垂jury. However,

the clump had been recently cut in 1999, and stumps wereJuSt beginmg to sprout. A total of 67

new sprouts were examined, but ozone iI互ury was not observed (Table l). It is likely也at也e pin

Cherry leaves were not ma血re enough in 1999 to exhibit ozone l刊ury, Or they were so new血at

they had not been exposed to su範cient levels of ozone to cause l町ury. There was, however,

OZOne l工Uury tO 2 of 198 aspen sprouts in血e宜eld・ Ozone坤ury was not present on blackberry

leaves.

Site E5. Thirty-SeVen Pin cherries were examined near the intersection ofNorth Trail

and Weir Road・ There was no ozone lPJury On the pin cherries, asPen, Or blackbeⅡy・ Pin cherry

had a. severe lea軸ot disease. Raspberry leaves were heal血y.
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S UⅣ血色ARY

The results of触s 1999 survey revealed也at ozone l刊ury Was PreSeut On Vegetation

within也e boundaries of也e Moosehom NWR’a PO正on ofwhich is a Class I air q脇lity area.

Phor to亜s visit,址s part ofMaine had experienced quite low ozone levels (Figure 2), aS

measured at the Acadia National Park monitonng site. The 1999 ozone levels were much lower

也an in 1998, Which in re廿OSPeCt had fairly high ozone levels. The overall inciden∞ and

SeVe正y of observed ozone iIjury WaS, aCOOrdingly, extremely lig出during the 1999 survey.血

199 8, OZOne-induced foliar symptoms were greater, eSPeCia11y duェing the second visit, due to也e

high phytotoxic levels of ozone也at occurred in血e ti皿e period between血e two visits of 1998.

工n addition to the light ozone-induced symptoms, Other common plaut disorders observed

in the refuge in 1999 included lea恵pots on serv土cebeny (severe), che正es, aSPen, W抽e birch,

and haw血om. Cankers were present on birch, and black knot galls were common on cherries.

Insect disorders included skeletonizers apd webwom on alder, and leafminer on w抽e birch.

Incipient drought symptoms were widespread, and included yellowmg, wilting, Curling and

defoliation. Fruits and berries in various plants were sma11 due to the lack ofwater. It is very

likely也at皿is dry weather precluded ozone uptake by plants, and reduced subseque址SymPtOm

developm ent.

The Moosehom NWR should be surveyed in again (也ird survey) in 2000 to document

the presence or absence of ozone-induced iIjury on vegetation over time. It is recommended that

the survey take place in late August. These res山ts should prove useful to the FWS when making

air qunlity management decisions亘Cluding those related to the review ofPrevention of

Sigri丘cant Deterioration (PSD) pem正s.

I
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Carex trispema (threeseeded sedge)

Caru竺Carvi (caraway)

Cerastlun Vulgatu皿(Cerasdum fontanm ssp. Ⅴ血gare)

Chamaedaphne calyculata (1eatherleaD

Chelone glabra (white tu血ehead)

Chimap皿a unbella血(pipsissewa)

Chrysa血hemun leucanthemum (L eucan血emun vulgare)

Circaea alpina (sma11 encha血er's nig士LtShade)

Cirs土un arvense (Canadian址stle)

Cirsium discoIor (宜eld亜stle)

Cirsium vulgare (bull thistle)

Clema正s virginiana (devil’s daming needles)

C血tonia borealis (yellow bluebeadlily)

Compto正a pereghna (sweet fem)

Coptis groenlandica (Coptis trifolia ssp. groenlandica)

Comus altemifolia ( altemateleaf dogwood)

Comus canadeusis (bunchberry dogwood)

Comus stoIonifera (Comus sehcea ssp. sericea)

Coro血lla varia (puIPle crownvetch)

Corylus comuta (beaked hazelnut)

Crassula aquatica (water pygmyweed)

CycIoIoma atriplicifoliun (winged pigweed)

Cypripedium acaule (pink lady's slipper)

Cypripediun calceolus O

Dactylis glomerata (orchardgrass)

Dalibarda repens (robin maway)

Danthonia spICata (poverty dauthonia)

Demstaedtia- P皿Ctilobula (eastem hayscented fem)

Deschampsia flexuosa (wavy hairgrass)

Dian血us am?eria (Deptford pink)

Diervilla lonlCera (northem bush honeysuckle)

Distic皿s spicata (inland saltgrass)

Dryoptehs chstata (crested woodfem)

DryOPteris di?juncta・ (Gyrmocarpiun di匂unctum)

Dryoptehs marginalis (marginal woodfe皿)

Dryopteris noveboracensis (Thelyptehs noveboracensis)

Dryopteris phegopteris (Phegopteris comectilis)

Dryoptehs spinulosa @ryopteris car血usiana)

Dryopteris也elypteris (Thelyptehs palustris van p巾escens)

Dulichiun anmdinaceun (t血eeway sedge)

Epigaea repens (廿aling arb血S)

Epilobiun angustifoliun (fireweed)

Equisetun arvense (丘eld horsetail)

Equis etum fluviatile (water horsetail)

Equis ehm hyemale (scouringrush horsetail)

Equisetum sylvaticum (woodland horsetail)
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Erigeron amuus (eastem daisy fleal)ane)

Ehgeron strigosus (pra壷e fleabane)

Ehocaulon septan ulare (Ehocaulon aquaticun)

Eriophorun an宇uStifoliun (ta11 co廿On写raSS)

Ehophorum spISS田n @hophorum vagmatum var. spissun)

Expatoriadelphus purpureus @upatoriLm PurPureun Var. PurPureun)
Eupatohun macula血m (spo廿ed j oepyeweed)

Eu也amia graminifelia (flattop goldentop)

Fagus grandifolia (American beech)

Festuca capillata (Fes血Ca丘lifomis)

Festuca elatior (Festuca pratensis)

Festuca ntora (red fescue)

Frag平a virgi亨na (Virg壷a strawheny)

FraTnuS amenCana (white ash)
Framu叩emsylvanica (green ash)

GaleopsIS te廿ahit (b亜Iestem hempne血e)

Galiun mollugo (false baby-s breath)

Galiun palustre (common marsh bedstraw)

Galium tr岨orum (宜agrant bedstraw)

Gau血eria址spid山a (creeping snowb eⅡy)

Gaultheria procumbens (eastem teaberry)

Gaylussacia baccata (black huckleberry)

Gaylussacia dumos a (dwarf hucklcherry)

Geraniun bicknellii (Bicknell-s cranesbill)

Glyceria canadensis (rattlesnake mamagrass)

Glyceria obtusa因lantic ma竺agraSS)

Hamanelis virginiana (Amencan witchhazel)

Hemerpcallis細va (orange daylily)

Hierac†un aurantiacun (orange hawhweed)

Hierac竺m flore血un (拙eracim piloselloides)

Hierac†un Pilosella ( mouse㌢ hawkweed)

Hieraclun PratenSe (Hieraclum CaeSPitosun)

Hordeu皿califomicun (Califomia barley)

Hum血us lupulus (common hop)

Hypericum ellipticum (pale St. Johnswort)

Ifyperioum perforatum (common St. Johnswort)

工lex ve正cillata (common winterberry)

工mpatiens capensis G ewelweed)

Iris versicoIor (harlequin blueflag)

Juniperus communis (cormon j uniper)

Kalmia angustifelia (sheep laurel)

Kalria polifelia (bog laure工)

Larix laricina (tamarack)

Ledum groe血andicu皿(bog Labradortea)

Lilium canadense (Canadian lily)

Linaria canadensis (Nuttallauthus canadensis)
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Linaria vulgahs (butter and eggs)

Limaea b orealis (twinflower)

L obelia cardinalis ( cardina岨ower)

L obelia do血nama (D ort皿am’s cardina岨ower)

Lonicera canadensis (Amehcan fly honeysuckIe)

Ludwigia palus血s (marsh seedbox)

Luzula acuminata (hairy woodrush)

Luzula mu出血ora (common wo odrush)

LycImis alba (Silene latifolia ssp. alba)

Lycopodium amotim皿(st肝clubmoss)

Lycopodiun clava血m (ruming clubmoss)

Lycopo diun complanatum (groundcedar)

Lycopo diun lucidulun (Huperzia lucidula)

Lycopodiun obsc皿m (rare clubmoss)

Lycopodiun tristachyun (deeproot blubmoss)

Ly∞PuS americanus (American wate血orehound)

Lycopus unifloms (nor血em bugleweed)

Lycopus virginicus (Virginia wate血orehomd)

Lysimac血a terresths (earth loosestrife)

Maian血emum canadeuse (Canada beadnfoy)

Matricaha matricarioides (Mathcaha discoidea)

Medeola virg平ana (工ndian cucumberroot)

Medicago satlVa (a挽1fa)

Melampymm lineare (narrowl.eaf cowwheat)

Melilotus alba (white sweetcIover)

Melilo巾S O能cinalis (yellow sweetcIover)

Men血a arYenSis (Mentha canadensis)

Mimulus mgens伍ngen monkeyflower)

Mitchella repens (pa血idgeberry)

Moneses uniflora (single delig址)

Myhca gale (SWeetgale)

Myriophyllun exalbes cens (Myhophyllu皿sibihcum)

Nuphar variegala (Naphar lutea ssp. variegata)

Nymphaea odorata (American white waterlily)

Nymphoides cordata (1i咄e floatinghea亘y

Odontites serotinus (Odondtes ve平mS S平SerOtin皿S)

Oenothera biemis (common evenmgPnⅢ9S e)

Oeno血era宜uticosa (naFTOwieaf evemngpnmrose)

Onoclea.sensibilis (sensitive fe皿)

OryzopsIS aSPehfolia (roug址eaf ricegrass)

Osmunda cinnamomea (Cimamon fem)

Osmunda clayto正ana (intem岬ted fem)

Osmmda regalis (royal fem)

Oxalis europaea (0Ⅹalis stricta)

Oxalis montana (mountain woods orrel)

0Ⅹalis s正cta (common ye11ow oxalis)

I
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Phalaris arlmdinacea (reed canarygrass)

Phleun pratense (timothy)

Picea abies (Norway spmce)

Picea glauca (w亜e spruce)

Picea mariana (black spruce)

Picea rubens (red spruce)

Pinus resinosa (red p主ne)

Pinus strobus (easte皿white pine)

PlaI血go m勾or (common plantain)

Pogo血a op址oglossoides (snakemouth orchid)

Polygonatum p巾esceus (hairy SoIomon's seal)

Polygonum amphibiun (water knotweed)

Polygomm careyi (Carey-s smartweed)

Polygonrm cilinode (fringed black bindweed)

Polygonum lapathifolium (curlytop knotweed)

Polygonun pensylvanicum (Pemsylvania smartweed)

Polygon皿P竺Cta血皿(dotted smartweed)

P olypodiun vlrg血anlm (rock polypody)

Polystichum acrostichoides (Christmas fem)

Pontedeha cordata (pickerelweed)

Populus balsamifera (balsam poplar)

P opulus grandideuta血(bigtooth aspen)

Populus tremuloides (quaking aspen)

Potamogeton epidydru伍bbo血eafpondweed)

Potamogeton natans (floating pondweed)

Potamogeton pectinatus (SagO POndweed)

Potamogeton zostehfomis qlatstem pondweed)

Potentilla anserina (Angentina anse血a)

Potentiユla argeIitea (silver cinquefoil)

Potentilla norvegica (Norweglan Cinquefoi工)

Potentilla recね(sulphur cinquefoil)

Potentilla simplex (COmmOn Cinquefoil)

Pmnella vulgahs (common sel血eal)

Prmus pensylvanica (pin cherry)

Pm皿S Punila var. besseyi (westem sandcherry)

PmIIS S?rOtina (black cherry)

Prmus vlrginiana (common chokecheny)

Ptehdiun aq血inum (westem brackenfe皿)

Pyrola e11iptica (wax皿ower shinleaf)

Pyrola rot皿difolia (Pyrola amehcana)

Pyr山s amehcana (So血us americana)

Pyrus flohbunda (Aronia X prmifolia)

Pyrus malus (Malus sylvestris)

Pyms melanoca呼a仏ronia melanocarpa)

Quercus rubra (northem red oak)
Rammculus acris (tall bu慎ercup)
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Rhinanthus crista-galli (Rhinau血os minor ssp. minor)

Rhododendron canadense慨lOdora)

Rhus radicans (Toxicodendron radicans ssp. radicans)

Rhus typhina (Rhus血r車)

Ribes gland血osum (skunk currant)

Ribes血rtellun (hairystem gooseberry)

Rubus a11egheniensis (Allegheny blackberry)

Rubus hispidus (bristly dewberry)

Rubus idaeus (Amehcan red raspberry)

Rubus pubesceus (dwarf red blackberry)

Rudbeckia serotina (Rudbeckia hirta var. pulcherhma)

Rung[ aCetOSella (common sheep sorrel)

Ruppla maritima (widgeongrass)

S ag誼aha latifolia (broadleaf arrowhead)

S alicomia europaea (S alicom王a maritima)

Salix bebbiana (Bebb willow)

Salix gracilis (Salix pedolahs)

Sambuc誓Canadensis (American elder)

Sarracema pu平urea (purple pitcherplaut)

Sci呼us atrovlrenS (green bu血sh)

Sci甲us cypemus (woolg工ass)

S cirpus pedice11atus (stalked bulmsh)

S ci呼us r血rotinctus (S cirpus microcarpus)

S cute11aria epilobiifolia (S cutellaria galericulata)

S cutellaria late喜劇ora (blue skullcap)

Sedun purpurenm (Sedun telep血m ssp. telephium)

Senecio aureus (golden ragwort)

Senecio vulgahs (COmmOn grOundsel)

Silene antir血ina (sleepy silene)

Silene cuc心balus (Silene vulgahs)

Sisyrinchium montanun (mountain blueeyed grass)

Siun suave (hemlock wate呼arsrip)

Smilacina racemosa (Maianthermm race皿osum SSP. raCemOSun)

Smilacina trifolia (Maianthemum trifoliun)

S olanum dulcamara (Climbing nig址shade)

S olidago graminifolia (Eu血amia gI’aninifolia var. graminifelia)

Spiraea latifolia (Spiraea alba var latifolia)

Sp王raea tomentosa (steaplebush)

Ste11aria graminea (grasslike starw〇億)

Taraxacun o箭cinale (common dandelion)

Taxil匂eunea (taxi均eunea)

Thalictrum polygamu皿C皿alictrum pubescens)

Thelypteris血elypterioides (Thelypteris noveboracensis)

Thuj a o ccideutalis (eastem arborvitae)

Tragopogon pratensis (meadow salsif)′)

Trientalis b orealis (American s屯皿ower)

I
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Trifoliun agrahum (Trifoliun aureun)

T丘foliun arvense (rabbitfoot clover)

Thfolium hybridun ( alsike cIover)

Trifoliun pratense (red clover)

Trifoliun repens (white clover)

Tsuga canadensis (eastem he皿lock)

Typha angustifolia (narrowleaf carful)

Typha latifolia (broadleaf cattal)

Utricularia comuta (homed bladdeIWOrt)

U血c山aha puIPurea (eastem purple bladderwort)

Utricularia vulgahs (Uthculaha macro血iza)

Uvularia sessilifolia (sessileleafbellwort)

Vaccinium angustifoliun ( 1owbush blueberry)

Vacc聖un corymbosun (highbush bluebeny)

Vacc竺un maCrOCa呼On (cranbeny)

Vacc聖un my副oides (velvetleaf huckleberry)

Vacc聖un OXyCO∞OS (sma11 cranbeIry)

Vaccmun Vitis-idaea (血gonberry)

Valeriana山iginosa (moun屯in valehan)

Vallisneha amehcana (American eelgrass)

Ve血ascum血apsus (common mu11ein)

Vero享a o範cinalis (common gypsyweed)

Veron‡Ca S Cutellata (Sku11cap speedwell)

Veromca seIPyllifolia (thymeleaf speedwell)

Vibum皿m CasSinoides (Vibunun nudum var. cassinoides)

Vibumun leutago伍amybeⅡy)

V王bunun re∞g由um (Vibumun dentatun var. 1ucidun)

Vibunu皿trilobun (V王bumun opulus var. anericanun)

Vicia cra?Ca (bird vetch)

Vicia seplun (bush vetch)

Viola adunca (hookedspur violet)

Viola cucullata (marsh blue violet)

Viola pallens (Viola macIoskeyi ssp. pallens)

Viola septentrionalis (northem blue violet)


